Background Psychosocial job factors (PJF) have been implicated in the development of cardiovascular disease. The paucity of data from developing economies including Mexico hampers the development of worksite intervention efforts in those regions. Methods This cross-sectional study of 2,330 Mexican workers assessed PJF (job strain [JS], social support [SS], and job insecurity [JI]) and biological cardiovascular disease risk factors [CVDRF] by questionnaire and on-site physical examinations. Alternative formulations of the JS scales were developed based on factor analysis and literature review. Associations between both traditional and alternative job factor scales with CVDRF were examined in multiple regression models, adjusting for physical workload, and socio-demographic factors. Results Alternative formulations of the job demand and control scales resulted in substantial changes in effect sizes or statistical significance when compared with the original scales. JS and JI showed hypothesized associations with most CVDRF, but they were inversely associated with diastolic blood pressure and some adiposity measures. SS was mainly protective against CVDRF. Conclusion Among Mexican workers, alternative PJF scales predicted health outcomes better than traditional scales, and psychosocial stressors were associated with most CVDRF.
INTRODUCTION
Working conditions in Mexico are often stressful. For example, eight out of ten employees in Mexico work overtime (more than 40 hr/week) without compensation [VargasHernández, 2011] . Overtime has been shown to increase adverse health outcomes and promote unhealthy behaviors [Taris et al., 2011] . Moreover, job insecurity and unemployment, which have also been associated with poor health , are highly prevalent in this country [Noriega-Elío et al., 2009] . Mexico's current economic crisis has forced workers to start jobs in the informal economy (approximately 28% of the economically active population worked in the informal sector by the end of 2011 [Instituto Nacional de Estadística y Geografía, 2011]) or to emigrate to the United States [Sanchez-Roman et al., 2006] .
During the past few decades, Mexican companies, compelled by regulatory legislation, have made extensive efforts to manage physical work environmental hazards. Indeed, the Department of Labor and Social Welfare has established numerous Mexican Official Standards that, among other things, regulate biological, chemical, and physical exposures in the workplace [Secretaría del Trabajo y Previsión Social, 2012] . However, psychosocial aspects of work have received little attention in research and prevention. This may be due to a lack of awareness of their existence and possible health effects. When such factors are investigated, the dominant assumption is that these factors arise from individual characteristics rather than the work environment, further hampering research and intervention efforts [Carayon et al., 2006] .
Psychosocial factors differ from traditional environmental exposures as their recognition and impact are determined by both objective and cognitive environmental components [Warren, 2006] . In addition, the most widely applied current theories of the health effects of psychosocial job factors hypothesize interactions between these factors [Karasek, 1979; Siegrist and Peter, 1994] . The demandcontrol model [Karasek, 1979] , evaluates an imbalance between two main psychosocial job domains: psychological job demands and the amount of worker control (also known as decision latitude). According to this model, high strain jobs (characterized by low job control and high psychological job demands) are the most deleterious for health, while the lowest health risk is expected for low strain jobs (high job control and low psychological job demands) [Karasek, 1979] . This model was later expanded by incorporating work-related social support as a potential buffer for the effect of job strain and became the demand-control-support model [Johnson and Hall, 1988] . Isostrain is defined as the combination of high job strain and low social support at work. The job content questionnaire (JCQ) is the instrument used to measure these constructs [Karasek et al., 1998 ].
The JCQ has been translated in 23 different languages (http://www.jcqcenter.org) and has been widely used worldwide in different socioeconomic strata and cultures, including Mexico [Juárez-Garcia, 2007; de Araujo and Karasek, 2008; Maizura et al., 2010; Chien et al., 2011; Gómez-Ortiz, 2011] . Job strain has been identified as a risk factor for a number of health outcomes, including cardiovascular disease [Belkic et al., 2004] , psychological disorders [Stansfeld and Candy, 2006; Bonde, 2008] , and musculoskeletal disorders [Mantyniemi et al., 2012] . Even though the Job-Demand-Control-Support model has consistently been shown to predict employee strain and wellbeing in the psychosocial environment, further research is needed to broaden the applicability and generalizability of this model in different cultures [Ibrahim and Ohtsuka, 2012] .
Although most studies point to a positive association between psychosocial work stressors and cardiovascular disease risk factors (CVDRF) or cardiovascular disease [Backe et al., 2012; Kivimaki et al., 2012; Choi et al., 2013; , the literature also includes some findings of inverse or null associations [Eaker et al., 2004; Olesen et al., 2012; Rosenthal and Alter, 2012; Szerencsi et al., 2012] .
In Mexico, the relationship between psychosocial factors and health outcomes has barely been explored. Pioneer research among Mexican nurses has shown a positive relationship between job strain, high blood pressure and cardiovascular symptoms, and between job insecurity and high blood pressure [Juárez-Garcia, 2007] . Additionally, the applicability of international research to Mexican conditions needs exploration as Mexican workers are embedded in a different organizational culture and may be exposed to factors distinctive to that culture. In fact, considering variables relevant to a country's specific socioeconomic and cultural situation is important when assessing psychosocial work factors [Juárez-García, 2004] . For example, job insecurity is more severe in Latin America than in developed countries due to economic instability [Martinez et al., 2010] . To fill this research gap and to provide stakeholders with objective data based on a Mexicanworking population, this study aims to assess the prevalence of psychosocial job factors (PJF; job strain, isostrain, job insecurity, and their subdomains) and their associations with CVDRF in a sample of Mexican workers drawn from different companies. We hypothesize that psychological job demands, job strain, isostrain, and job insecurity are positively associated with CVDRF. On the other hand, we expect inverse associations between decision latitude, social support, and CVDRF. We also expect that alternative JCQ scales consisting of less but more theoretically and psychometrically more robust items will yield more accurate associations between PJF and CVDRF.
MATERIALS AND METHODS

Study Design
The "Mexican Institute of Social Security (IMSS) and Companies' Collaboration Model to Promote Workers' Healthy Behaviors" is a prospective study of a 6-month worksite wellness program. IMSS' researchers promoted participation in this study among affiliated companies located in Mexico City and recruited workers from eight different worksites, including a government public health services department, an airline company, a pharmaceutical company, a metalworking (tools manufacture) company, a cooking utensils factory, a plastic factory, a printing company, and a tire manufacturing company. Companies were selected on the basis of their willingness to engage in the study's activities and consented to be part of either a control group (baseline and follow-up surveys) or an intervention group (baseline survey plus intervention and follow-ups). A health risk assessment, including a questionnaire and biological measurements, was performed at baseline, at 6 months, 1 year, and 2 years after the beginning of the study. We used only the baseline data for this cross-sectional study.
The average participation rate was 58.5% of a total of 3,985 workers. The company with the lowest participation rate included the airline company (37.3%), followed by the tire company (54.7%). Two companies-the metalworking company and the plastic factory-achieved complete (100%) participation. Overall, 2,330 workers answered a health risk assessment questionnaire that included a Spanish version of the Job Content Questionnaire (JCQ), demographic and organizational characteristics, individual risk factors for cardiovascular disease, and personal history of diabetes, hypertension, cardiovascular disease, and other self-reported medical conditions. A team of medical doctors, nurses, physical activity experts, and social workers conducted the fieldwork. A research coordinator trained this team for 20 hours before the study's onset.
Recruitment of Workers
IMSS' researchers met with each company's directors to introduce the study. After agreeing to participate, employers authorized the research team to promote workers' participation in the study throughout the company. As an incentive, workers were offered a complete physical examination and blood tests for free and were assured complete confidentiality. All data were collected during the day shift. The research team remained in each of the companies for about a week to include as many workers as possible but no efforts were made to reach workers on sick leave or disability. Workers' participation was voluntary.
Measures
Measurement of exposure (psychosocial job factors)
To evaluate exposure to psychosocial job factors (PJF) based on the demand-control-support model [Johnson and Hall, 1988; Karasek and Theorell, 1990 ], a Spanish version of the Job Content Questionnaire (JCQ) [Cedillo and Karasek, 2003 ] was used. Four main scales for job control, job demands, social support, and job insecurity were measured with this questionnaire. Acceptable internal consistency and predictive validity of this Spanish version of the JCQ have been reported in previous studies [Cedillo, 1999; Cedillo and Karasek, 2003; Juárez-García, 2004 , 2005 , 2007 .
The job control scale (nine standard JCQ items), also named "job decision latitude," incorporates two complementary subscales: "skill discretion" (six items) and "decision-making authority" (three items). The skill discretion subscale assesses opportunities for learning, developing creativity and skills, and experiencing variety in job tasks. The decision-making authority subscale evaluates autonomy in doing one's job and the ability to make or participate in work-related decisions. The psychological job demands scale (five standard JCQ items) assesses mental effort, quantity of work, and time restrictions to do one's job. Four JCQ items each measured social support from coworkers and supervisors. Finally, job insecurity was measured by four JCQ items asking about job stability and frequency of layoffs.
Because the JCQ was originally generated and mainly applied in developed countries, we explored its psychometric properties in this Mexican population. We determined the internal consistency of each scale by calculating Cronbach alpha values and assessed the underlying structure by performing exploratory factor analysis, using principal components analysis and varimax rotation (results not shown). Consistent with previous research [Karasek et al., 1998; Gómez-Ortiz, 2011] , we found that the "repetitive work" item in our questionnaire had a low factor loading on the decision latitude scale; therefore, we built an alternative eight-item job decision latitude scale without the "repetitive work" item. Additionally, we considered an alternative psychological demands scale that excluded the items "work fast" and "work hard" because these items may be understood as physical demands rather than psychological by people in physically demanding occupations, and their inclusion in the psychological demand scale has been shown to compromise the validity of this scale [Choi et al., 2008 [Choi et al., , 2012 . We present results for both the "original" (five-item job demands and nine-item job decision latitude) and the "alternative" (three-item job demands and eight-item job decision latitude) scales as well as their derived job strain and isostrain variables in this paper. Cronbach alphas for the different psychosocial job factor scales were: 0.57 and 0.39 for the original (5 items) and alternative (3 items) psychological job demands, respectively; 0.75 and 0.79 for the original and alternative decision latitude, respectively, 0.74 and 0.90 for coworker and supervisor support, respectively; and 0.38 for job insecurity.
The JCQ was scored using the formulas described in the JCQ user's guide [Karasek et al., 1985] . Both continuous and categorical variables of job strain, isostrain, and job insecurity were created for this study. Continuous variables provide more measurement precision and power to detect associations while categorical variables are useful for comparison with the literature that is based mostly on categorical definitions of job strain. A "job strain ratio" was calculated by multiplying the psychological demands scale score times two and dividing the result by the decision latitude scale score [Karasek et al., 1985] . "High job strain" as a categorical variable was defined as the combination of high psychological demands (score above the sample median on job demands) and low decision latitude (score below the sample median on job decision latitude). Two alternative versions of this "high job strain" categorical variable were created: one compared the high job strain group to all other workers ("no high job strain"), the other to the "low strain" group only. The latter provides a stronger contrast by excluding groups with intermediate levels of exposure but is also based on a smaller sample of workers who fall into either the high or low strain quadrants of the JCQ model, excluding workers in the active or passive quadrants. A continuous variable of isostrain was calculated by subtracting decision latitude and total support from psychological demands scores [Rugulies and Krause, 2005] . A categorical variable of isostrain was defined as the combination of high job strain and low social support (score below the sample median of total coworker and supervisor support). Job insecurity was coded as a continuous variable and also as a binary variable based on a median split.
Measurement of outcomes (CVDRF)
All measurements were conducted at a specified workstation located inside of each of the company's premises. To assess blood glucose and total blood cholesterol levels, nurses in the different worksites took a fingerstick capillary sample using an "Accutrend" device (Roche laboratories, Indianapolis, IN). All workers were asked to fast for 12 hr before their sample was taken before the morning shift (from 6 to 9:00am depending on the company).
To measure height, weight, and waist and hip circumferences, workers stepped on a floor scale with a stadiometer wearing light clothing and no shoes. Body mass index (kg/m 2 ) was calculated as the weight divided by the square of the height. Nurses used a body tape measure to determine waist circumference at an intermediate line between the costal border and the iliac crests. Hip circumference was measured as the maximum circumference around the gluteus zone [World Health Organization, 2008] . Continuous and dichotomous variables were created from these measures, the latter using the World Health Organization's cutoff values [World Health Organization, 2000] .
Although both waist circumference and waist-hip ratio are closely correlated with body mass index, we used all three measures to facilitate comparisons with other studies. Waisthip ratio has been considered as the best predictor for mortality from cardiovascular disease associated with obesity [Welborn and Dhaliwal, 2007] and waist circumference provides "an independent prediction of cardiovascular risk over and above that of body mass index" [National Heart Lung and Blood Institute, 1998 ].
Blood pressure was measured manually by two research nurses using a sphygmomanometer and following the National Health and Nutrition Examination Survey (NHANES) protocols [Centers for Disease Control and Prevention, 1993] . However, only one reading was taken due to time constraints, instead of the three consecutive readings proposed by the NHANES protocol. Workers rested for about 5 min before the measurement, which was taken on their left arm while sitting. High blood pressure was determined as a systolic blood pressure equal to or greater than 140 mm Hg or diastolic blood pressure equal to or greater than 90 mm Hg. Workers with a history of hypertension were coded as hypertensive regardless of blood pressure measures.
Smoking was assessed by the question "Do you smoke cigarettes?" Possible answers included: "No, I have never smoked", "Yes, occasionally", and "Yes, I currently smoke daily" and the latter two were combined as "current smokers". Leisure-time physical activity was evaluated with a single question "Do you exercise?" Possible answers included "Occasionally or never", "Daily", "Two to three times per week". We built a dichotomous variable collapsing the latter two answer options into one category. Alcohol drinking was defined as "occasionally drinking more than three glasses of alcoholic beverages."
Confounders
Potential confounders were defined as predictors of CVDRF, which were also associated with psychosocial job exposures but were not the direct result of these exposures. Such variables include age [Martocchio, 1989; Anderson, 1999] , gender, marital status [Vanagas et al., 2004; Hansen and Andersen, 2008] , leisure-time physical activity , education, income [Grotto et al., 2008] , type of worksite [Steenland et al., 2000; Musich et al., 2006; Hansen and Andersen, 2008] , smoking, and alcohol drinking Mayo-Clinic, 2012] . Occupational physical activity level categorized by the interview team as either light, moderate, or vigorous was also considered. Interaction by gender was also explored but in none of the models the interaction term was statistically significant (P > 0.2). All of these potential confounders were assessed by the health risk assessment questionnaire. A more detailed rationale for the selection of each covariate as potential confounder with additional references is provided in Supplementary Appendix 1.
Analysis
Differences in sociodemographic variables, health behaviors, and CVDRF between individuals with and without job strain, isostrain, and job insecurity were examined using chi-square tests. For each psychosocial job factor, we built separate regression models, using linear regression for continuous CVDRF and logistic regression for binary outcomes. We present unadjusted simple regression models (model 1) and models incrementally adjusting for physical workload (as measured by the JCQ physical demands item and occupational activity level; model 2), individual worker characteristics (model 3) including demographic (age, gender), behavioral (alcohol, leisure-time physical activity, smoking), and socio-economic factors (education, income, marital status, worksite, seniority). We additionally adjusted for key biological CVDRF other than behavioral including blood glucose, total blood cholesterol, body mass index, and systolic blood pressure (model 4). Finally, we controlled for PJF other than the one explored in the main association (model 5). The independent effects of the main components of job strain and isostrain, that is, psychological and physical job demands, job decision latitude, and supervisor and coworker social support were also investigated separately. The Holm method was applied to adjust for multiple hypothesis testing 1 [Aickin and Gensler, 1996] . Such adjustment needs to be considered very conservative [Rothman, 1990] . Continuous JCQ scales and subscales were centered by subtracting the mean to each value and standardized by dividing by the standard deviation to increase comparability of effect estimates across PJF. All analyses were conducted using STATA 12.0 software.
Ethical Procedures
All workers provided signed informed consent. The study was reviewed and approved by IMSS Institutional Review Board (IRB), which has an approved assurance and registration from the Office for Human Research Protections, US Department of Heath and Human Services [Department of Health and Human Services, 2009] (registry number IORG0002957). For our study, we also obtained approval from the University of California, Los Angeles (UCLA) IRB (IRB#10-000652-CR-00002). The UCLA IRB's Federalwide Assurance with the Department of Health and Human Services is FWA00004642.
RESULTS
Characteristics of the Study Population
Characteristics of the study sample are displayed in Table I . The proportion of workers exceeding different norms is displayed at the end of Table I . Correlations among the various PJF are shown in Supplementary Appendix 2.
Multivariate Associations of Psychosocial Job Factors With CVDRF
Beta coefficients (or odds ratios for smoking and leisuretime physical activity) and 95% confidence intervals from linear regression models of the association between job strain, isostrain, job insecurity and their subscales, and CVDRF are shown in Tables II to V 
Blood glucose levels
In most cases, job strain was positively rather than negatively associated with blood glucose, but the associations were not statistically significant (Table II) . Exposure to isostrain (measured as a continuous variable) was positively associated with blood glucose levels, while the categorical measure showed an inverse association. However, none of these findings were statistically significant. Job insecurity and blood glucose levels were inversely associated. This association changed direction and lost statistical significance when adjusting for workers' individual characteristics and other CVDRF.
Total blood cholesterol levels
Psychological and physical job demands were inversely associated with total blood cholesterol but these associations were not statistically significant after adjusting for potential confounders (Table II) . Social support from coworkers and supervisors showed a statistically significant protective effect against high cholesterol levels. In fully adjusted models, workers with high total social support had 2.96 mg/dl lower total blood cholesterol levels (95% CI À5.04, À0.88).
Only the original job strain ratio scale was inversely associated with blood cholesterol, no other job strain or isostrain variables were significantly associated with blood cholesterol. Finally, a strong positive and statistically significant relationship between job insecurity and blood cholesterol (b ¼ 4.27) became weaker and was no longer statistically significant in models 3-5 (b between 0.86 and 1.36).
Adiposity indicators 2
As expected, psychological job demands had a positive association with adiposity indicators (Table III) . After adjusting for all potential confounders (model 5), there were positive statistically significant associations between the original psychological job demand scale and two adiposity indicators Body mass index !25 kg/m 2 , waist circumference >94 cm in men, and >80 cm in women, and waist-hip ratio >1.00 in men and >0.85 in women. f Determined by self-report and on-site measurement; classified using the American Heart Association (AHA) cutoffs (systolic blood pressure !140 mmHg or diastolic blood pressure !90 mmHg). Model 5: additionally adjusted for psychosocial factors other than the one in the main association (for e.g., job demands models were adjusted by decision latitude, total support, and job insecurity; decision latitude models were adjusted by job demands, total support, and job insecurity; social support models were adjusted by job demands, decision latitude, and job insecurity, etc.).
a Five-item psychological demands (original JCQ psychological demand subscale).
b
Alternative three-item psychological demands (this subscale does not include physical demands, it is based solely on the following three items: ''I am not asked to do an excessive amount of work'', ''I have enough time to get the job done'', ''I am free from conflicting demands others make'').
c Nine-item decision latitude (original JCQ decision latitude subscale).
d
Alternative eight-item decision latitude (the repetitive item was dropped because it was not confirmed in factor analysis).
e Alternative scale calculated using three-item psychological job demands and eight-item decision latitude subscales. Model 4: additionally adjusted by other biological CVDRF (systolic blood pressure, total blood cholesterol levels, and blood glucose levels).
Model 5: additionally adjusted for psychosocial factors other than the one in the main association (for example, job demands models were adjusted by decision latitude, total support, and job insecurity; decision latitude models were adjusted by job demands, total support, and job insecurity; social support models were adjusted by job demands, decision latitude, and job insecurity, etc.).
e Alternative scale calculated using three-item psychological job demands and eight-item decision latitude subscales. Model 4: additionally adjusted by other biological CVDRF (total blood cholesterol levels, blood glucose levels, and body mass index). Model 5: additionally adjusted for psychosocial factors other than the one in the main association (for example, job demands models were adjusted by decision latitude, total support, and job insecurity; decision latitude models were adjusted by job demands, total support, and job insecurity; social support models were adjusted by job demands, decision latitude, and job insecurity, etc.).
e Alternative scale calculated using three-item psychological job demands and eight-item decision latitude subscales. Model 3: additionally adjusted by individual worker characteristics including demographic (age, gender), behavioral (smoking (in physical activity models), leisure-time physical activity (in smoking models), alcohol) and socio-economic factors (education, income, marital status, worksite, seniority). Model 4: additionally adjusted by other biological CVDRF (systolic blood pressure, total blood cholesterol levels, glucose, and body mass index).
e Alternative scale calculated using three-item psychological job demands and eight-item decision latitude subscales.
(body mass index and waist circumference). Physical job demands and supervisor support appeared to be protective against high adiposity. In fully adjusted models, each additional standard deviation in physical job demands was associated with 0.27 kg/m 2 lower body mass index (b ¼ À0.27, 95% CI À0.47, À0.06), and each standard deviation increase in supervisor support was associated with 0.33 kg/m 2 lower body mass index (b ¼ À0.33, 95% CI À0.52, À0.14) and with 0.64 cm lower waist circumference (b ¼ À0.64, 95% CI À1.09, À0.19).
Decision latitude, contrary to expectations, was positively associated with body mass index and waist circumference. Among all the measures of job strain, only the inverse association between high job strain (using the original scale) and body mass index was statistically significant. Exposure to isostrain (as measured with the categorical alternative subscales) was significantly associated with higher waist-hip ratio in model 5 (b ¼ 0.07, 95% CI 0.01, 0.14). Job insecurity showed an inverse relationship with weight indicators, which was statistically significant for waist circumference (b ¼ À0.48, 95% CI À0.90, À0.06) and waist-hip ratio (b ¼ À0.03, 95% CI À0.05, À0.01) after controlling for all potential confounders.
Blood pressure
Contrary to expectation, continuous and categorical measures of job strain were inversely associated with diastolic blood pressure but statistical significance was lost after adjusting for potential confounders, with the exception of job strain ratio (original scale) (Table IV) . Isostrain showed inverse associations with diastolic blood pressure across models 1-5 that were statistically significant for the alternative categorical scale in models 1-4. Job insecurity was inversely associated with systolic blood pressure but the association weakened and lost statistical significance after adjustment in models 3, 4, and 5. Job insecurity, however, showed a consistent inverse and statistically significant association with diastolic blood pressure in all models.
Smoking
Psychological job demands, physical job demands, decision latitude, and job strain did not show any statistically significant associations with smoking (Table V) . However, one standard deviation increase in supervisor support was associated with 10% reduced risk of smoking in fully adjusted models (OR ¼ 0.90, 95% CI 0.81, 0.99). The original isostrain variable showed a statistically significant 33% higher risk of smoking compared to workers not exposed to isostrain (OR ¼ 1.33, 95% CI 1.01, 1.77) after adjusting for all potential confounders. The alternative isostrain variable based on categorical measures of job strain and low support also showed a statistically significant effect (OR ¼ 1.43, 95% CI 1.10, 1.85). Job insecurity was also significantly associated with the risk of smoking, but only in models 1-2.
Leisure-time physical activity
Psychological job demands were associated with less leisure-time physical activity but this relationship was statistically significant only in models 1-3 (Table V) .As hypothesized, decision latitude, coworker support, and supervisor support were positively associated with physical activity. One standard deviation higher total support at work was associated with 15% higher odds of leisure-time physical activity (OR ¼ 1.15, 95% CI 1.02, 1.29). Both job strain and isostrain were associated with reduced leisure-time physical activity; one standard deviation higher job strain ratio and isostrain (continuous variable) were associated with 12% and 18% lower odds of leisure-time physical activity, respectively. Contrary to expectations, job insecurity had a consistent positive effect on leisure-time physical activity, but the statistical significance of this association disappeared in models 3-5.
Summary of the comparison of the original and alternative scales in relation to CVDRF Out of 245 comparisons, 50 (20%) showed a difference greater than twofold (change above 200%). The greatest change was a 54-fold difference between the alternative categorical operationalization of high job strain (ref. category: low strain) and blood cholesterol levels (model 2). Change in direction of association between scales happened in 12.6% of cases. Although the original scales yielded more statistically significant results than alternative scales (34% vs. 16% of cases, respectively), the alternative scales resulted more often (61% of cases) in effect changes more in direction of expected relationships according to previous research (i.e., indicating a detrimental effect of adverse PJF on CVDRF). Differences between the original and alternative decision latitude scales were not as prominent as the ones found for the psychological demands scale (see Supplementary Appendix 4 for a more detailed description of the comparison between scales).
DISCUSSION
Our study of 2,330 Mexican workers in eight worksites provided some support for the relationships we hypothesized between PJF and cardiovascular risk factors: High job strain was associated with reduced leisure-time physical activity. Workers reporting isostrain showed higher odds of smoking and lower odds of leisure-time physical activity. Social support seemed to protect against high blood cholesterol levels, overweight/obesity, smoking, and reduced leisuretime physical activity. On the other hand, some psychosocial work factors (e.g., decision latitude, job strain, and job insecurity) showed unexpected associations with diastolic blood pressure and some adiposity measures.
In general, continuous exposure measures were more strongly associated with outcomes and reached statistical significance more often than associations using categorical exposure variables. This is in line with expectations because categorization of continuous measures introduces misclassification error. Therefore, we recommend using continuous variables in addition to the more traditional and most widely used categorical operationalizations of job strain, especially for making causal inferences. Also, as expected, categorical measures of high job strain using low strain as a reference showed stronger associations with the study outcomes than those using no high strain as a reference due to the higher contrast among exposure categories.
Interestingly, alternative formulations of the job demand and control scales resulted in substantial changes in effect sizes or changed the statistical significance of results when compared with the original scales. Even though original scales showed more statistically significant associations, the alternative scales throughout this study showed better agreement with the literature and with this study's hypothesized associations between PJF and CVDRF. Also, the dropped items seemed to account for part of the inverse associations observed for blood pressure. For example, we found a stronger inverse association between job strain and diastolic blood pressure with the original scales, which may result from using ambiguous psychological demands items that could be misunderstood as questions about physical demands. In fact, the original JCQ physical demand item was inversely associated with blood pressure in models 1, 3, and 4.
Overall, using the alternative scales proved to be useful to determine associations due to psychological rather than physical demands. In all models, associations using the alternative versions showed better agreement to the literature and to this study's hypotheses than the original versions. If rewording the "work fast" and "work hard" items to differentiate mental and physical job demands is not possible, a three-item psychological demands scale should be considered in future occupational epidemiologic studies.
Associations Between Psychosocial Job Factors and CVDRF
Blood glucose levels
There was a tendency in the data for positive associations between psychological job demands, job strain, isostrain, job insecurity, and blood glucose levels, although these associations were not statistically significant. A positive association between job strain and diabetes or high glucose levels has been reported in the literature [Kawakami et al., 2000; Leynen et al., 2003; Heraclides et al., 2009] . The pathways by which job stressors may contribute to elevated blood glucose levels have been linked to cortisol levels, which are chronically elevated in stressful situations. Cortisol enhances hepatic release of glucose and decreases pancreatic insulin secretion, thus reducing the cellular absorption of glucose, and causing an increase in blood glucose levels [Heraclides et al., 2009] .
Total blood cholesterol levels
In agreement with our findings, protective effects of social support systems on cholesterol levels have been reported in previous studies [Thomas et al., 1985; Uchino, 2004] . In regards to the association between job strain and total blood cholesterol, the literature is inconclusive and shows both positive [Kivimaki et al., 2002; Chandola et al., 2006; Djindjic et al., 2012; Catalina-Romero et al., 2013] and inverse [Alfredsson et al., 2002; Shirom et al., 2009] associations. Our results showed inconsistent associations between job strain and cholesterol. The mechanisms by which occupational stressors influence serum cholesterol remain to be fully elucidated. Some hypothesized mechanisms include unhealthy behaviors such as smoking, sedentary lifestyle, and high-calorie intake [Nyberg et al., 2013] , suppression of LDL ("bad cholesterol") liver receptors resulting in an increase of endogenous cholesterol in the plasma [Goldstein et al., 1983] , and excessive stimulation of the sympathetic nervous system, which may lead to an increased mobilization of fatty acids from the adipose tissue into the blood stream [Siegrist et al., 1988] . As can be seen in Table II , a strong positive association between job insecurity and cholesterol observed in models 1-2 is nearly completely explained by demographic and behavioral factors controlled for in models 3-5.
3 Clearly, some of the behavioral factors may be considered both mediating and confounding variables.
Adiposity
Psychological job demands were associated with body mass index and waist circumference, in agreement with previous research [Block et al., 2009; . Physical job demands and supervisor support showed an inverse association with adiposity measures, which has previously been associated with low physical job demands or sedentary work . Risk of obesity may be reduced when supervisors not only support workers but also take a leadership role in promoting physical activity at work [Middlestadt et al., 2011; Dobson et al., 2013] .
The literature on job strain and adiposity is inconclusive: positive Fernandez et al., 2010] , inverse and null [Overgaard et al., 2004] associations have been described. Our study is similarly inconclusive: the positive association between decision latitude and body mass index and waist circumference and the inverse associations between the original, categorical operationalizations of job strain and body mass index did not support our hypotheses; however, isostrain showed a positive, statistically significant association with waist-hip ratio in model 5. This study also indicates that the association between job strain and adiposity indicators can vary by the specific job strain measure (continuous vs. categorical variables; and original vs. alternative scales). Although categorical and original variables reached statistical significance more often and showed larger effect sizes, continuous and alternative operationalizations of the job strain scales led more often to observed associations that were in agreement to the literature and to our hypothesized associations between PJF and CVDRF.
Finally, both positive [Muenster et al., 2011] and inverse [Ferrie et al., 2002] associations between job insecurity and adiposity measures based on body mass index have been reported in the literature. Results from the current crosssectional study are consistent with an inverse association. To our knowledge, no studies have explored the relationship between job insecurity and abdominal obesity as measured by either waist-hip ratio or waist circumference.
Inconsistent findings between psychosocial stressors and weight may be in part explained by different eating behaviors in response to stress. Stress has been shown to have a dual effect on eating patterns, depending on the stressor's severity and chronicity. On the one hand, stress may suppress appetite and on the other hand, it may induce consumption of energydense food [Torres and Nowson, 2007] . Unfortunately, we were unable to explore this explanation in our study because information on eating patterns was not available.
Blood pressure
Although many studies have reported a positive association between job strain and blood pressure [Gilbert Ouimet et al., 2013; , null or inverse associations have also been reported [Winkleby et al., 1988; Reed et al., 1989; Albright et al., 1992; Olesen et al., 2012] . Possible reasons for our unexpected (inverse) findings include the following: (a) We cannot rule out the possibility that the selfreported measurement of job strain in this study contributed to unexpected results. For example, in a cross-sectional study of bus drivers, investigators found an inverse relationship between self-reported job stress and blood pressure (although the questionnaire in the study included items about diverse driverspecific work stressors and was different from the JCQ used in the current study) and a positive association between objective measurements of job stressors and blood pressure [Greiner et al., 2004] .
(b) Due to time constraints, only one measurement of blood pressure was made instead of the three measurements used in standard protocols [Centers for Disease Control and Prevention, 1993] . However, there is no reason to believe that any resulting measurement error would systematically differ among subjects with and without job strain and would have biased results in one direction. Instead, such random non-differential measurement error is likely to bias results towards the null hypothesis of no effect. (c) Unlike other studies with positive associations between job strain and blood pressure Landsbergis et al., 2003; Juárez-Garcia, 2007] , this study did not evaluate ambulatory blood pressure (ABP). ABP is a better predictor of cardiovascular risk than casual blood pressure (CBP) measurement because CBP measurements may over-or underestimate true blood pressure levels, due to a "white-coat effect" [Manios et al., 2008] , "masked hypertension" , non-compliance with antihypertensive medication, or individual fluctuations of the daynight blood pressure patterns. In fact, a higher prevalence of white-coat effect has been reported among workers without job strain [Belkic et al., 2001] . If such was the case in our study population, workers without job strain could show higher levels of casual blood pressure and workers with high job strain lower levels, thus possibly explaining inverse associations. However, this argument is speculative and the inverse associations between diastolic blood pressure and PJF found in this study warrant further research in Mexican working populations using a longitudinal design [Gilbert-Ouimet et al., 2013; Schnall et al., 2013] and preferably repeat ambulatory blood pressure measurements.
The inverse relationship observed between job insecurity and blood pressure in this study differs from previous research [Pollard, 2001; Kalil et al., 2010] . Job insecurity has been associated with adverse health consequences [Ferrie et al., 1998; Ferrie, 2001; De Witte, 2005] . However, one study among workers from a company undergoing massive layoffs showed that anticipating job loss did not raise blood pressure [Schnall et al., 1992] . The latter study hypothesizes that responses of blood pressure to job insecurity may depend on workers' perceived control; that is, when job loss becomes an uncontrollable event, it may no longer be perceived as a threat and workers may stop worrying about it.
Smoking
After controlling for potential confounders, workers exposed to isostrain (as measured with the alternate subscales) had a 43% increase in the odds of smoking compared to workers not exposed to isostrain (OR ¼ 1.43, 95% CI 1.10, 1.85). We also found that workers with high levels of social support were 10% less likely to smoke than workers with low social support, consistent with findings from other researchers who reported that female smokers in low-support jobs smoked more [Jones et al., 2007] .
In Mexico, as in other countries, smoking habits are mostly acquired at an early age before workers enter the labor market [Kuri-Morales et al., 2006] . The main reported effect of job strain on smoking is through increasing smoking intensity in light smokers [Rugulies et al., 2008; Azagba and Sharaf, 2011; Heikkila et al., 2012] . Smoking may also arise from the need to counteract negative emotions provoked by high strain jobs ], in particular those with low levels of social support (nicotine is mainly a stimulant). Nevertheless, inconsistent results have been reported when exploring the association between smoking and job characteristics [van Loon et al., 2000] ; therefore, further investigations are required in this area.
Leisure-time physical activity
Decision latitude and total support at work were positively associated with leisure-time physical activity, whereas psychological job demands, job strain, and isostrain had an inverse effect on leisure-time physical activity. This is in accordance with recent findings on the association of PJF and physical activity Kouvonen et al., 2013] .
Even though more research is needed on this topic, this study's findings highlight the importance of promoting job control and social support in the worksite so workers may adopt healthy behaviors such as leisure-time physical activity. To adopt and maintain physical activity, high levels of motivation are needed, which can be promoted by social support at work. Also, having high levels of job control could promote active behaviors at work and may provide workers the freedom to take time off work to exercise.
Context of Mexican workplaces
Interestingly, 44.5% of the working population sample in the current study had a low level of education (middle school or less) and 41% earned less than $350 US dollars per month. Except for cholesterol levels, high socioeconomic status (as measured by education) was associated with lower levels of cardiovascular risk factors and with higher odds of leisuretime physical activity. In regards to PJF, education level was inversely associated with job strain and isostrain but positively associated with job insecurity (results not shown).
In Mexico, where age discrimination is widespread, a high level of education does not necessarily guarantee a highquality job or job security [Mancini, 2008; Hawley and Solache, 2014] . In general, high socioeconomic status is associated with better health [Adler and Ostrove, 1999] . On the other hand, job insecurity is expected to have detrimental effects on health [Laszlo et al., 2010] . The discrepancy of high socioeconomic status (as measured by education) and job insecurity found in this study population may have contributed to the inconsistent findings in regards to job insecurity and cardiovascular risk factors.
Turnover is also very common in Mexican companies. In this study, more than half of the sample population had worked for 5 or less years (low seniority). Job stress and unfair treatment are among the top five causes of turnover in the United States [Powell, 2012] . In Mexico, workers who experience job dissatisfaction, unhealthy working conditions, and low wages are more likely to quit their jobs and in some cases, move to the informal economy [Gonzalez-Rios, 2006; Romero and Cruthirds, 2009] . In the unstable Mexican economy, workers may just be grateful to have a job and their appraisal of the work environment may be colored by this appreciation of having any work. Therefore, psychosocial stress may be underreported by Mexican workers. A similar pattern has previously been described among non-Western immigrants in Denmark [Olesen et al., 2012] .
Study limitations and strengths
The cross-sectional design of the study limits causal inferences although it is unlikely that undiagnosed and/or non-symptomatic CVDRF would result in reverse causation, that is, lead to greater exposure to job strain, low support, or job insecurity. The convenience sample of worksites with unknown representativeness limits generalizability of study results. However, the inclusion of different industries and occupations needs to be considered an advantage of this study compared to single occupation studies that suffer from lack of variation in working conditions. Our study shows wide variations in PJF across companies and between individuals necessary for detecting effects. The modest participation rate (58.5% overall) was mostly due to an inability of workers to take time off to participate in the study. Job strain has been shown to have an influence on survey response [Cifuentes et al., 2008] . If such was the case in our study, the associations between job strain and CVDRF may have been underestimated.
Information about medication was not collected in this study. To prevent misclassification of cases as nonhypertensive or non-diabetic resulting from workers' medically controlled blood pressure and glucose levels, we considered a personal history of hypertension/diabetes as a proxy measure for medication (no information about personal history of hypercholesterolemia was available). In a post-hoc analysis, such workers were excluded from our linear regression models (results not shown). The direction of associations remained the same in both models, suggesting that medication did not differentially influence our results.
The self-reported measurement of job strain in this study might have contributed to unexpected results to some extent. But we could not test this possibility in the current study due to the lack of non-questionnaire methods to assess job strain. We recommend using multiple methods (e.g., self-report, observation, qualitative methods, or administrative records) for assessing work stressors including job strain in future research.
Low values of Cronbach alpha were obtained for the alternative psychological job demand scale and for job insecurity. However, rather than indicating low reliability of such scales, these reduced alphas are a reflection of the small number of items [Streiner, 2003] with respect to the alternative psychological job demands scale, and the multidimensionality of the scale with regard to job insecurity [Karasek et al., 1998 ].
Over-adjustment may have occurred by adjusting for other CVDRF including possible behavioral mediators in models 3 and 4, and additionally for several PJF in model 5. However, other CVDRF are important to consider as they are associated with both exposure and outcome and may act as confounders. The influence on statistical significance of results was minor: in several associations of job factors with leisure time physical activity and in one instance of diastolic blood pressure, statistical significance was lost in model 5. In only one instance of leisure-time physical activity, statistical significance was gained in model 5. Additionally, correlations between the different CVDRF considered in this study were weak, no clustering of factors was evident, and multicollinearity was not an issue. Another study limitation was the lack of information on dietary habits, which may have resulted in some residual confounding, especially in our models for total blood cholesterol, weight outcomes, and blood pressure.
Strengths of this study include its large sample size, the consideration of workers from both genders and all socioeconomic and age strata, and the use of both categorical and continuous variables for exposures and most outcomes. While categorical measures are helpful for comparisons with the literature, continuous measures retain more information, reduce misclassification, and increase the power to detect effects. In fact, in analyses not shown, most associations with dichotomous outcomes were in the same direction but, with few exceptions, these associations were not statistically significant.
Our study also makes a unique contribution by evaluating within the same study population the effects of alternative operationalizations of psychological demands and decision latitude scales and addressing the possibility that some of the original scales may have been interpreted as physical rather than PJF. Our results demonstrate that the choice of scale may lead to substantial differences in the magnitude of associations, and change in direction or statistical significance of associations.
Another strength of this study is that we examined associations between psychosocial job stressors and waist circumference and waist-hip ratio, which are deemed to be more predictive of cardiovascular disease risk than traditional measures of obesity based on body mass index [Welborn and Dhaliwal, 2007] .
CONCLUSIONS
This study showed both positive and inverse associations between adverse PJF and CVDRF. Social support (in particular supervisor support) seems to play an important role in this population sample because many CVDRF were lower among workers with higher levels of social support. Using alternative scales for job demands and decision latitude (excluding ambiguous items) was presumably useful to determine associations due to psychological rather than physical job demands. In some instances, alternative operationalizations resulted in substantial changes in effect sizes or statistical significance of results when compared with the original scales.
We conclude that interventions at the worksite level are needed to reduce psychosocial stressors in order to improve workers' cardiovascular health. The unexpected results in regards to adiposity indicators and blood pressure point to the need for the development and use of more objective job stress measures but they should not detract from research findings on the potential negative health impacts of psychosocial job stressors. To our knowledge, this study is the first in a large Mexican population to explore the effects of psychosocial work factors on several CVDRF. We expect that our findings will allow employers to understand the importance of psychosocial work hazards and encourage them to implement interventions to control and prevent these hazards, thus optimizing the effects of any future efforts aimed to improve workers' health.
